When water resource systems investments are made there is little assurance that the predicted performance will coincide with the actual performance. Robustness is proposed as a measure of the likelihood that the actual cost of a proposed project will not exceed some fraction of the minimum possible cost of a system designed for the actual conditions that occur in the future. The robustness criterion is illustrated by its application to the planning of water supply systems in southwestern Sweden.
It is impossible to forecast the actual demand that a particular investment project will serve in the future. However, some project designs and operating policies may be sufficiently flexible to permit their adaptation to a wide range of possible demand conditions at little additional cost. Such systems can be called robust. This definition of robustness corresponds to Stigler's concept of economic flexibility [Stigler, 1939; Hashimoto, 1980b] .
Others have used the term robustness in water resources planning to describe whether or not the optimal project design parameter values would remain essentially unchanged if the future demand conditions were to vary from those for which the project is designed [Fiering, 1976; Matalas and Fiering, 1977] . However, optimal design parameter values can be very sensitive to assumed future demand conditions, and this may not involve large economic opportunity costs [Loucks eta!., 1981, pp. 122-129] . Thus it is appropriate to define system robustness in terms of the sensitivity of total system cost rather than the sensitivity of system design.
In this paper, robustness measures describe the overall economic performance of a water resource project. As such, they complement the more traditinal benefit cost and cost effectiveness criteria used for project selection. Other criteria designed to measure the dynamic system performance of 
MEASURES OF ROBUSTNESS
Water resource project planning is based on forecasted or assumed future supplies, flows, qualities, costs, and benefits. It is also based on some assumed demand for the services the project is to provide. These assumed demand conditions, together with the environmental impacts and constraints that must be met, determine to a large extent the particular design, and hence the cost, of a project. In this paper all assumed future conditions that properly determine the actual motivation for and design of a project will be termed the 'demand conditions.' Suppose a project is planned with a forecast of future for a given/3 and design D. The opportunity cost ratio R(qID) defined in (3) is the opportunity cost or regret divided by the minimum cost. This ratio is a measure of the relative magnitude of the opportunity cost of design D. This ratio may be more meaningful to some than the opportunity cost itself.
It is likely, especially for relatively small values of/3, that no system design alternative D will satisfy (2) or (3) for all conceivable future demand conditions q. This suggests that a probabilistic description of system robustness may be advantageous. Assume that one can assign probabilities to the likely future demand condition values of q. This defines the probability density function f(q). Now possible system performance can be described, in part, by the expected opportunity cost.
Ee[C(q l D) -L(q)] = f_•• [C(q l D) -L(q)] f(q) dq
or by the expected utility of system cost, (4)
Eq[U(C(qID))]= f__+• U(C(qlD))f(q)d (5) [Friedman and Savage, 1948; Railf a, 1968].
While utility theory provides an appropriate solution to the problem of design selection under risk or uncertainty, there are a number of reasons why its use has been limited in practice [Loucks et al., 1981] . Use of expected opportunity costs or, equivalently, the use of expected costs, is reasonable and commonly done. However, these expected costs provide little insight into how confident one can be that a particular design D will be near or reasonably close to the least cost design. This need can be met by defining design robustness Ro as the likelihood or probability that (2) or (3) will be satisfied: Table 1 . 
APPLICATION OF ROBUSTNESS ANALYSIS TO A SWEDISH WATER SUPPLY SYSTEM
The measure of robustness defined above has been applied to a specific regional water supply system planning problem in southwestern Skane, Sweden (Figure 2) . In this area a large-scale interbasin water transfer project was proposed to meet projected water demands. Since the projected demands were uncertain, it was not clear just when and to what extent both local source supply capacity and/or the interbasin transfer should be increased or implemented.
At the time that this decision was made (1970), two local lakes were satisfying a major portion of the water demand of five municipalities. In addition, groundwater served each municipality, but substantial expansion of these sources was not possible. To meet increasing demands, lake water withdrawals could be increased and water could be imported through a tunnel, to be built, from a distant lake. The interbasin water transfer project does not fit well into a stagewise development planning framework because of its indivisibility. Either the tunnel would be built or it would not. In such a situation it is relevant to ask how long the implementation of this major development should be deferred in expectation of obtaining more information about future demand [Hall et al., 1972] . Two results follow immediately from deferment: (1) The present discounted cost of the major development will decrease, first directly from the deferment and second, possibly from reduction in scale of the major development and (2) the cost of the interim development of local supplies will increase because it must provide for the larger demand expected by the time when the major development, i.e., the tunnel, is implemented. Conventional practice is to pick the deferment time that minimizes the total (present discounted) cost of meeting the future demand. The problem is that the demand is uncertain. 
